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Printed Circuit Board 

(PCB) 
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Outline 



PCB design for high frequencies 

PCB board 

PCB design: units, grids, (rack/gap. pad, via, polygon, 
clearance 
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PCB design for high frequencies 

PCB design is part of the electronic design process 

In many designs, the PCB layout may make or break the 
operation and electrical performance of the design: PCB traces 
have resistance, inductance and capacitance. 

In high speed digital and RF (analog), PCB design is critical. 
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PCB board 



Two basic parts: 

— Substrate: structure that physically holds circuit components and 
printed wires and provides isolation between conductive parts 

— and copper (wire/traces) 

Substrate 

— Teflon, ceramics, special polymers, fiber-glass-epoxy resin 

— FR-4 is the most common dielectric substrate used in the construction 
ofPCBs. 

— FR-4 is a laminate composed of glass and epoxy that meets a specific 
standard for fire-retardance (FR). 
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PCB board 



Multilayer board: 

- cores (substrate with copper clads) 

- prepreg (pre-impregnated) 




" Iqturr tm in lie vc Rit*i . Primai) Ciitu* Bo*itl De*igD, Drvrtdpmfot *ud Fabricai via Proccu* PCB 3D COM 
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PCB Board 



Core: double-sided copper clad FR4 substrate 




FR4 substrate 



copper cladding: 

• platted onto the substrate 

• or copper foil glued to the substrate 



' I ii-iiii [tun: Kretg M inner. CtiNpktc PCfl doiyn iniitp OfCAD rapine and L*jhi» 
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PCB Board 



Multilayer boards 

• Cores glued together with one or more 
sheets of partially uncured fiber glass 
epoxy (prepreg or B-stage laminate). 

• Prepreg will cure (i.e. harden) when heated 
and pressed 

• Assembling cores: cores patterned, cores 
aligned (registration), entire assembly is 
fully cured in a heated press 




bo Horn 



3 double-sided cores bonded together 
by two prepreg layers 
6 layers board with 4 routing layers and 
two plane layers 



* Kguiv lit"»: K uteMin net. Cuaplctc PC II iini|fsu»i«0n<CAD Ca^ure an! Lajiiw 
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PCB Board 



Layers built layer by layer to build vias, blind vias and buried vias 




VIU 



buried via 



unpl titled hole 



• FigUJV hem: Riai^ MililiCf. Ciinipidr tV II ilctigu iniig OfC AD < iipitinr fltoJ L*jm* 
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PCB Board 



EPC (Embedded passive components) 

Passive components placed between the interconnecting structure of board: 
existing passive components, specially-made thin passive components, and 
make film devices through printing or other processes. 



Surliici: Mnunieii Chip 



- . 



Surface Mounted Chip 




Viosor 
Interconnect 

* Diisrihri us C*dk>*h ■ Lwr U tit 
i Efnbnttnl Thin FN Rnaicr 
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PCB Board 






* How printed circuit boards are manufactured 

- Film Generation 

- Shear Raw Material 

- Drill Holes 

- Electroless Copper 

- Apply Image 

- Pattern Plate 

- Strip & Etch 

- Solder mask 

- Solder coat 

- Nomenclature 

- Fabrication 

10 
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PCB Board 



Copper patterning 

- produced by selectively removing copper cladding based on a digital 
map generated by CAD software 




— Acid etching (large production) 

- Mechanical milling (small production) 
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PCB Board 



Copper patterning 



Photo mask placed 
over photoresist during exposure 

Copper left exposed in regions 
to be removed 

Exposed copper etched away 

Photoresist then removed 




Multilayer: several signal layers, power and ground planes 
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PCB Board 



After copper patterning and cores and prepreg assembly: 

- holes are drilled for through-hole components and vias 

- electrical connections between layers are plated 

- a thin polymer layer is applied on the top and bottom of the board 

- markings are placed on the board to identity components 

There are other layers besides the copper layers 

- Drill layer 

- Soldes mask 

- Silkscreen 
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PCB Board 



Silk screen (top/bottom): the layer that contains your component outlines, 
designators and free text. 




Helena Sarmento 
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PCB Board 



Additional layers for assembly purposes: 

— Solder paste (top/bottom): for soldering purposes. The board is coated 
with a mask of solder paste over the pads Then each component is 
placed, and is sometimes held in place by an adhesive. The entire board 
is then loaded into an oven and "baked". The solder paste melts 
(reflows) on the pads and component leads to make the joint. 

— Assembly (top/bottom): for automatic placement of components 



F|£UJC fium Ml p ' * -. ■ ^ l t t - ui juiiíji tun n i i til. ; i :l>-fl .1 -iUil LÍtf*-c\*N pkn-r fa m I 
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PCB Board 



Solder mask (top/bottom): : thin polymer used to protect lhe board and circuitry 
during the assembly and packaging operations. It prevenis solder bridges between 
adjacent pads and traces during the wave soldering process. Typically, it covers 
everything except pads and vias. 





Helena Sarmento 
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PCB design 



Units: 

- inch: mil (I /1 000 of an inch) 

mainly used for design and layout requirements: tracks, pads, spacing. 
grids 

- mm 

mainly used for mechanical and manufacturing requirements: hole 
sizes and board dimensions 

- Thou (thousands of mils) 

1000 mil = 25.4 mm 
50 mil = 1. 28mm 
40 mil approx 1 .00 mm 
10 mil approx 0.25 mm 
4 mil approx 0.10 mm 
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PCB design 



Examples 



THE TECHNIQUE 



MATERIAL 

industry standard quality 

• FH1 

• l,6mm 

• 35|im CU 

• hAL{lr*J-free> 




LAYOUT RE^ 

Any formot and «ny ott Hiftft afft possible, tMhout any extra cnaro? 1 

(pad ii=e roinui drill diameter), aUèétirjáuk.ibé/çiipibé 

* siildormost s* O.Umm (size ;r. s^dc-lavor minus cad £ííg on cs/ss) 

* Mulbloycr Antinodv^ 1,0mm (pad sitc on ncq ^vo innc rlQ'/cr minus drill 

* Minimum hotr»t/r: T>Ttt l-rpd dtanirtrf — 0*0 mii [1 Tun' * ■' 



Helena Sarmento 



"* tgleiíded peb* 

♦ rnin<ffrum trêcí-cUe *= Q.2nttp-fam$L 

• minimum ydQtjze = 0*imm (3mrt} J 

DúUbfe&idèd Anti iJ/õ-Uyèr mulblayer pdic. 

• minimum If er^aire — O-lSrarfifiS^ip/v 

♦ minimum ^flptiJr — O.l^fnm tómil) / 
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PCB design 



Examples 

Technical capability uí PC6 




Technical Fífam?ier» 



WAS Imii 



Component Hol^^Smits 



Specification 



F ' Í6J =d _0;iLtíf !■ i>>ii-=z^ I *j 01 



" nisftsd çopcer thicMiss-sG õOZ 



distance between the hole ?cfge 



Helena Sarmento 



ELINT-MEEC 



19 



ç 



WâTinUTO S.LFCTUf>H ?*CN>Ci3 



PCB design 



Examples 

















Min Hole 5*75 


Bu i nJ inn>.ngãS 


/ú^imTS 


Finished product 




Hoard|friT*i|g^ 


\jj1mm^/ 


finished Droduri 




dnaid njFKnsssfa 'J U 


fl?pBCtRff1|0*1D 


Finished oioduff 




ilaxBoatdThlc 


iinfliewSDisnrl* ri- 1 


V^:)ijrn"TV 


l 




Mulbtrvyei 


ilmm j 




Mn Board Thíc 
Hne55 


Single and Doutle SjU« 


\J)2iivi^/ 




U.ilMâvPi 


* lavori; Mrrmi ( *i3V3fÊ. l.omm 
í Uyefç 1 1 mm ' i] la^r- 1 >mm 




AMBMdS&fi 


í ín- » - *J >_■- .!■■ : «Jm 


100 a Orr,m 




l/_II ■■j-.i.ir 


:5Ci ■ [iô. ■ ii* 




*"ll ti** ■* it" tmli^iíff* 


Outline FquIimí 020 i tiiii 




Une 




\f cut i) 4mm 
V C J" 0.2 rmrri Board Threh*io&s< 2tnrn 
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PCB design 



Grids 

- Snap grids: 

• components and tracks will "snap" into fixed grid positions. 

• will keep components neat and symmetrical 

• makes future editing, dragging, movement and alignment of tracks, 
components and blocks of components easier as layout grows in size and 
complexity. 

• Examples: 100 mils, 50 mils. 25 mils depending on the design. 

— Component grids: 

• Like snap grids, but for component movement only. 
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PCB design 



Tracks 




* Figure ln>m:,www.ccc.msstiiic.cclu/counics/cce45l 2/dcBl_sylliibus/currcnl/PCB_Lu.voui_Tips.ppi 
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PCB design 



Tracks 

— copper connections between two points on the PCB. 

— designs require a mixture of track sizes. 

— track size depend upon the electrical requirements of the design, the 
routing space and clearance available, and designer preference. 

— lower limit of the track width depend upon the track/gap resolution of 
the PCB manufacturer. track/gap 



Examples: 

♦ PCB-pool: 

• PCBCore: 



5ingle*ided pcbv 
+ minimum treckcUe = 0.2mm f8mil) 

• minimum gâQtiie = 0.5 mm (Siml) 

Doub fended and 4/6-lay^r mulbUyrr p&ic: 

• minimum tredrtlce — 0.15mm (£mil) 

• minimum gflptur — 0.15mm (órnil) 



Item 


Tecbnicai pgjBmeMfo 


Specification 


Mln Llfl&Wtglh ffiii 


a 


nnr?heotopp^inirhrA^ p.502 


u ■ :-j|*= p -ii 


'J 


rim^heo fiFpeMhirfc-e** L-<i 07. 
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PCB design 



Tracks 

- track width will be dictated by the current flowing through it, and the 
maximum temperature rise of the track. The thickness of the copper 
will also play a part, as will any solder coating finish. 

- thickness of the copper on the PCB is nominally specified in ounces per 
square foot. 

- the bigger the track width, the better. Bigger tracks have lower 
resistance, lower inductance, can be easier and cheaper for the 
manufacturer to etch, and are easier to inspect and rework. 

- Calculator programs exist (ex: ) to figure 
out a required track width based on the current and the maximum 
temperature rise. 
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PCB design 
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PCB design 



1 Pads 

- portion of copper on printed circuits to mount or attach components 

— component libraries define pad sizes 

- usually circulai* or ova! 

— rectangular for pin I (to be different) 

— rectangular for surface mount. 

1 Vias 

— plated through hole to connect tracks between different layers of a PCB 
circuit board. 

- similar to but smaller than pads. 

- differently handled CAD software packages 

26 
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PCB design 




Clearance 

- Clearance is the shortest distance between two conductive parts 
(isolating gaps ) 



Clearance 
" Figure from: hllp://www.dcIoric.com/pcb/docs/gs/gs.hlm! 

' Polygon 

- areas to automatically fill a desired area with copper. 

- useful for ground planes 

- solid or hatched 
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